A subset of survivors has cognitive impairment after cancer treatment. This is generally subtle, but may be sustained. In October 2006, the second international cognitive workshop was held in Venice. The workshop included neuropsychologists, clinical and experimental psychologists, medical oncologists, imaging experts, and patient advocates. The main developments since the first Cognitive Workshop in 2003 have been the following. (i) studies evaluating cognitive function in patients receiving chemotherapy for cancers other than breast cancer, and in patients receiving hormonal therapy for cancer. (ii) The publication of longitudinal prospective studies which have shown that some patients already exhibit cognitive impairment on neuropsychological testing before receiving chemotherapy, and some patients have deterioration in cognitive functioning from pre-to postchemotherapy. (iii) Studies of the underlying mechanisms of cognitive impairment both in patients and in animal models. (iv) Use of structural and functional imaging techniques to study changes in brain morphology and activation patterns associated with chemotherapy. (v) At present cognitive research in cancer is limited by methodological challenges and the lack of standardization in neuropsychological studies. The current workshop addressed many of these issues and established an international task force to provide guidelines for future research and information on how best to manage these symptoms.
introduction
The first international workshop on cognitive function in adult cancer survivors (Banff, Canada, 2003) focused on chemotherapy-induced cognitive changes secondary to adjuvant chemotherapy for breast cancer [1] . In October 2006, a second workshop was held in Venice, Italy with 50 participants (see appendix) and had an expanded focus on various cancers (breast, testicular, and prostate) and treatments (chemotherapy and hormonal therapy). Emerging evidence indicates that cancer per se and/or cancer treatments in addition to chemotherapy may contribute to cognitive impairment, so a more encompassing term is required to describe this condition. Persistent cognitive changes associated with chemotherapy and/or hormonal therapy are often subtle, but can impact on survivors' ability to function. Treatments which can have a more profound effect on cognitive functioning (e.g. cranial surgery and/or radiation therapy, interferon) were not discussed.
The main aims of the Venice workshop were to present ongoing research, with a focus on putative mechanisms; to forge new collaborations; to discuss the methodological problems associated with cognitive research; and to establish an international task force to provide guidelines for future research, as well as information for clinicians and patients on the management of these symptoms. This article provides a summary of the 2006 cognitive workshop, and a description of the mission of the newly formed International Cognition and Cancer Task Force (ICCTF). It will focus on chemotherapyinduced cognitive changes although many of the methodological and mechanistic issues are relevant to the study of other cancer treatments.
brief overview of the existing literature Several reviews and meta-analyses [2] [3] [4] [5] have concluded that there is evidence for cognitive changes associated with cancer and cancer treatments, but have identified methodological problems with many of the published studies [6] . Earlier studies reported cognitive impairment in 15%-50% of adult solid tumor survivors who had received chemotherapy [1, [7] [8] [9] [10] [11] [12] . These studies indicate that cognitive deficits are diffuse, and involve the domains of attention and concentration, verbal and visual memory, and processing speed [9-11, 13, 14] . Most of these studies were limited by sample size and were cross-sectional in design, with no evaluation of cognitive function before treatment and no longitudinal data.
summary of developments in cognitive research in cancer since the first workshop
At the first Workshop in 2003, participants highlighted the need for prospective longitudinal cognitive studies to better quantify the incidence of cognitive decline after chemotherapy. Subsequently, a small number of prospective, longitudinal studies have been published. Some have reported a decline in cognitive function after chemotherapy [15] [16] [17] [18] while others show no significant change [19] . This discrepancy may reflect the different chemotherapy regimens administered and/or methodological problems relating to the design and analysis of the studies (e.g. variations in normative data and reference groups, statistical cut-offs used to define cognitive impairment, use or not of corrections for practice effect and of alternate forms of neuropsychological tests to minimize practice effect and control for test-retest variability in comparable with people not undergoing chemotherapy). The earlier studies consistently reported that the cognitive sequelae was diffuse, and relatively nonspecific in nature. However, evidence from new studies indicates a frontal, subcortical toxicity profile, with cognitive dysfunction within domains of information and processing speed, attention, memory retrieval, and executive function.
Consistent with reports in the literature [20] , most investigators conducting longitudinal studies described lower than expected cognitive performance before receiving adjuvant treatment. Most reported a general improvement in cognitive performance with repeated testing, but found that a subset of survivors either declined or failed to achieve the expected practice effect. This reinforces the need for an appropriate comparison group (see below) and analytic techniques to account for practice effect.
Assessment of patients soon after diagnosis of cancer is difficult, and the stress of receiving the diagnosis of a potentially lethal illness, as well as the effects of a recent anesthetic and surgery, may confound the interpretation of baseline tests of cognitive function. However, the cognitive performance of patients assessed after surgery but before subsequent treatment, did not appear to be associated with factors such as depression, distress, anxiety, or fatigue; deficits in cognitive performance have also been documented following diagnosis but before surgery [16, 20, 21] .
These results indicate that there may be some aspects of the cancer (e.g. elevated proinflammatory cytokines) that impacts cognitive performance, and/or that there may be common risk factors (e.g. inefficient DNA repair mechanisms) associated with the development of cancer and of neurocognitive problems [22] .
Since the last workshop, there have been studies of potential adverse effects on cognitive function of cytotoxic regimens other than those applied in the treatment for breast cancer (e.g. colorectal cancer, testicular cancer) as well as studies of the effects of hormonal treatments in different cancer populations. Cognitive impairment following cancer treatment has been accepted as a survivorship issue and translational studies have been initiated to study underlying mechanisms in patients (using blood tests and imaging) and in animal models. The combination of mechanistic with behavioral studies has enabled researchers to design more hypothesis-driven research.
methodological challenges in cognitive assessment
Despite growing insight into the association between chemotherapy and cognitive functioning, the characterization of cognitive impairment in terms of its nature, course over time, underlying mechanisms and impact on subject's lives is still limited. These deficiencies in knowledge may be a corollary of the relative infancy of the research field, but progress is hampered by variability in extant literature on the cytotoxic regimens involved, study design, and neuropsychological measures and methods employed [6] . In particular, variation between studies in criteria used for defining cognitive impairment makes it impossible to define the prevalence of cognitive impairment.
The methodological session of the second Workshop was designed to promote optimization and standardization of study design and to formulate priority topics for future working groups.
The guest speaker, Dr R. K. Heaton (San Diego) has been instrumental in developing consensus initiatives on cognitive measurement and treatment in other patient populations (especially Human Immunodeficiency Virus), and has published normative data for numerous neuropsychological tests. Dr Heaton discussed the selection of appropriate neurocognitive tests in terms of the sensitivity of the batteries to detect mild deficits; the need to assess a variety of cognitive domains; the source of normative standards to discriminate between normal and abnormal performance; and the selection of test score-and test battery-cut-offs in determining impairment. He paid particular attention to selection of cognitive tests for longitudinal studies, such as their performance on repeated application, including test-retest reliability and practice effect. He addressed the difficulty of finding appropriate norms for detecting cognitive change on tests, and the sensitivity of different prediction models for detecting real change.
Based on Dr Heaton's experience developing consensus guidelines in HIV-consortia, he made the following recommendations: (i) neuropsychological test batteries should evaluate multiple domains of cognitive ability; (ii) test results should be corrected for age, education, gender and where appropriate ethnicity; (iii) summary or 'global'deficit scores [23] often are preferable to analyzing individual test scores or averaging scores on the neuropsychological battery, because impairments may occur on different patterns of tests for different people, (summary deficit scores focus on problems wherever they appear, circumventing situations where good performance on some tests may obscure deficits in other areas); (iv) for cross-sectional data, it may be helpful to use global deficit scores to determine and compare percentages of people who are 'impaired' within the study groups, as both disease effects and negative treatment effects on cognition may be present in only a subset of patients [24] ; (v) impairment on an individual test or summary score should require a score of one standard deviation below the mean of a control group, as this cut-off provides the optimum balance between sensitivity and specificity [25] ; (vi) in longitudinal studies, tests should be selected based on considerations of test reliability, practice effects (including availability of alternate forms), and sensitivity to measuring change; (vii) for the classification of change, one should use a reliable change index (RCI) or regression-based model that accounts for practice effect and normal test-retest variability [26] , employing longitudinal data from an appropriate control group, with a confidence interval (CI) of 90%; (viii) an overall classification of change could be based upon test-retest differences in the chosen summary score. Alternatively, this can be determined by subtracting the number of individual scores on the test battery below the 90% CI from those above the 90% CI, the comparison group's distribution of these difference scores is then used to develop cut-offs to define whether overall improvement or deterioration has occurred; (ix) as healthy controls tend to have less test variability than clinical controls, studies should use concurrent controls that closely resemble patients, rather than published normative data; and (x) as baseline scores are strong predictors of retest scores, and participants with low baseline test performances tend to have greater test-retest variability, it may be advisable to use different norms for change in cognitive function for patients with low baseline functioning.
The ensuing discussion focused on indicated principles for researchers to consider when developing and analyzing their studies. The discussion centered on four topics.
cross-sectional versus prospective study design
The selection of study design should be dependent on the research question. Certain constraints, such as investigating long-term/late effects of cancer treatment or treatment effects for rarer cancers, may make well-controlled, cross-sectional designs the most feasible approach. However, wherever possible, longitudinal studies offer important additional information on pretreatment cognitive status and change over time. As cancer treatment is an anticipated therapy it provides an opportunity to prospectively monitor cognitive function to determine whether the treatment produces neurocognitive sequelae.
the choice of reference groups
The best controls are those that closely resemble the target group i.e. disease-specific controls or controls experiencing a major life event (for example, in studying the effects of chemotherapy an optimal control group might consist of patients with a similar type of cancer who received only local treatment). Healthy controls may also be included, but preferably in addition to a disease-specific reference group. Very rigorous exclusion criteria should probably not be used in selecting healthy controls (such as history of mild psychiatric or other illness, concussion) as these conditions are often present in target groups.
selection of cognitive domains and neuropsychological tests
Whether current knowledge on the cognitive effects of chemotherapy provides sufficient evidence to narrow the assessment to particular domains is arguable. Although the imaging studies are reporting fairly diffuse changes in brain structure and activation (see below), most participants agreed that the deficits found on neuropsychological testing indicate a frontal-subcortical profile. Therefore a working group should provide recommendations of core domains to be evaluated based on this working hypothesis, and on specified criteria of reliability and validity. An additional suggestion was for future publications to provide information on the properties of selected tests, as well as specify a minimal set of outcome variables reported by all researchers who employ these tests, to allow for meta-analysis regarding affected domains.
criteria for cognitive impairment and change
There are numerous methods to determine what constitutes abnormal performance. Individual test or domain scores can be used, and different cut-off points selected per test and/or test battery. With regard to prospective studies, several prediction models for change are available, but use of either an RCI model that accounts for practice effect (preferably based on people with similar baseline functioning as the interest group) with a 90% CI, or a regression model were recommended. Participants agreed on the need for guidelines on methodologies and criteria for determining cognitive dysfunction and change in cognitive function across time, with attention to both objective measures of cognitive function as well as subjective reports of cognitive function.
mechanisms of chemotherapyassociated cognitive changes
The etiology of cognitive impairment after chemotherapy remains unknown although a number of mechanisms have been postulated [22] . (See Figure 1) . Candidate mechanisms include: direct neurotoxic effects (e.g. injury to neurons or surrounding cells, altered neurotransmitter levels) [22, [27] [28] [29] [30] ; oxidative stress and DNA damage [22, 31, 32] ; induced hormonal changes [33] ; immune dysregulation and/or release of cytokines [22, 31, 34] ; and blood clotting in small central nervous system (CNS) vessels. Some patients may have a genetic predisposition to developing cognitive impairment (see discussion below).
imaging/electrophysiological studies
Several participants at the workshop (Silverman, Tannock, Vardy, and Ahles) described on-going and published studies of changes in brain morphology and activation patterns .associated with chemotherapy utilizing both structural and functional imaging techniques. Studies using magnetic resonance imaging (MRI) have reported reduced volume of brain structures important for executive functioning (e.g. frontal cortex) and changes in the integrity of white matter tracts in patients treated with chemotherapy [29, 35, 36] . However, one study that examined hippocampal volume found no volumetric differences when comparing breast cancer patients treated with chemotherapy to those not treated with chemotherapy [37] . Early results from a functional MRI study revealed a pattern of reduced activation in frontal cortex during a working memory task in patients treated with chemotherapy compared with patients not treated with chemotherapy and healthy controls [38] . Dr Silverman presented a study using Oxygen-15 positron emission tomography that demonstrated that breast cancer patients treated with chemotherapy, when compared with breast cancer patients who received no chemotherapy and healthy controls, showed increased metabolic activity in the prefrontal cortex during a cued recall memory task [39] . Additional evidence for compensatory activation of brain structures not typically utilized for a given cognitive task has also been reported [39] [40] [41] , raising the possibility that performance on neuropsychological testing may remain in the normal range through altered activation brain patterns. Finally, Dr Kreukels presented electrophysiologic studies examining the P-300 event-related brain potential and reported decreases in amplitude (intensity of neural activation) and latency (timing and duration of activation) of P-300 associated with chemotherapy, which is consistent with changes in information processing capacity [42, 43] . Taken together, these data indicate that chemotherapy is associated with changes in brain structure and function.
animal models
Research examining the impact of chemotherapy on learning and memory in animal models was presented (Winocur, Buwalda) . Recent studies have demonstrated that commonly used chemotherapy agents, administered peripherally, can cause disruption of learning and memory across a variety of tasks (Morris Water Maze, avoidance conditioning, cue-specific and contextual fear conditioning tasks) in both mouse [44, 45] and rat models [46, 47] . In contrast, one study did not find any detrimental effects of treatment with 5-fluorouracil on rat behavior [48] . Studies utilizing histological analyses of the brain of animals that received chemotherapy have demonstrated cell death and slowing of cell division in structures critical for memory and learning, including the subventricular zone, the dentate gyrus of the hippocampus, and the corpus callosum [30, 49] .
cytokines
One potential mechanism leading to cognitive dysfunction (and fatigue) is the stimulation of cytokines by cancer and chemotherapy. Treatments that stimulate cytokine production (e.g. interferon) have been associated with a variety of symptoms, including cognitive deficits [50, 51] . Further, patients with hematological malignancies were found to have elevated levels of interleukin-1 (IL-1), IL-1 receptor agonist, IL-6, IL-8, and tumor necrosis factor-alpha compared with normative values before treatment and higher levels of IL-6 were associated with poorer performance on measures of executive function before treatment [52] . Dr Vardy and Dr Tannock reported on-going studies which indicate that multiple cytokines are elevated in subjects who have been treated for colorectal and breast cancer, in the absence of recurrence of disease, but that the levels were not higher in subjects who had received chemotherapy. There is emerging evidence that cytokine levels might relate to deficits in cognitive function [53] . genetic factors Dr Ahles described potential genetic polymorphisms that might increase risk for chemotherapy-induced cognitive changes. One published study has reported an association between the E4 allele of apolipoprotein E (associated with risk for Alzheimer's disease and poorer cognitive outcomes following insults to the brain) and poorer cognitive performance in long-term survivors of breast cancer and lymphoma [54] . He proposed that genetic polymorphisms related to efficiency of the blood-brain barrier (e.g. differential expression of MDR-1) and the functioning of cytokines (e.g. polymorphisms of IL-6), neurotransmitters (e.g. COMT), and DNA repair mechanisms (e.g. XRCC1) might also be important [22] .
International cognition and cancer task force
The second workshop led to the formation of the International Cognition and Cancer Task Force (ICCTF). The ICCTF is comprised of a multidisciplinary group of health professionals and patient advocates. The mission of the ICCTF is to advance understanding of the impact of cancer and cancer-related treatment on cognitive and behavioral functioning in adults with nonCNS cancers.
A critical development from the Venice workshop was the formal establishment of an infrastructure to stimulate the growth of collaborative studies. A Steering Committee (see appendix) was formed that was charged with the responsibility of organizing and participating in Working Groups that will help identify knowledge gaps and formulate guidelines to assist those conducting research in this area: they will be responsible for ensuring integration and dissemination of the recommendations of the Working Groups. A small group of thought leaders in the area of neuropsychology, psychooncology, and medical oncology as well as patient advocates agreed to participate on an Advisory Board (see appendix). This board will provide guidance to the Steering Committee and Working Groups, help to facilitate interinstitutional and multinational collaborations, identify scientific research opportunities, and assist in obtaining funding for future research.
The Working Groups were developed around salient issues for the study of cognition and behavior in cancer patients. At present there are six identified Working Groups focusing on issues related to (i) neuropsychological assessment, (ii) trial design, (iii) prevention, management and intervention for cognitive and behavioral dysfunction, (iv) clinical epidemiology and translational guidelines, (v) imaging, and (vi) animal studies. While the Steering Committee has been charged with the responsibility for promoting integration between groups, periodic (every 2-3 years) meetings of the ICCTF will provide an opportunity for the entire Working Group membership to participate and present developments in their focus area.
The ICCTF has the explicit aim to assist not only health care professionals interested in this area, but also patients and their caregivers by providing up-to-date information on research activities and how best to support patients who are concerned about cognitive function. This will be partially achieved by the establishment of an ICCTF web site providing relevant information for all stakeholders. 
